Introduction
In-depth understanding and wise management of genetic resources and genetic diversity is of great importance to progress in rice breeding and sustainable production (Guimaraes, 2002) . Africa possesses an enormous wealth of rice genetic resources which can contribute to the broadening of the genetic base of rice varieties grown in farmers' fields to ensure that they become better adapted to the multiple biotic and abiotic stresses in Africa. This diversity is under threat from both environmental and socioeconomic factors, such as urbanization and climate change (Kiambi et al., 2008) .
Rice belongs to the genus Oryza, classified under the tribe Oryzeae, sub-family Oryzoideae (Ehrhartoideae) of the grass family Poaceae (Gramineae). The Oryza genus was named by Linnaeus (1753) . The taxonomy of the genus has undergone numerous revisions. Vaughan et al. (2003) recognized 23 species. GRIN Taxonomy (USDA, ARS, National Genetic Resources Program, 2012), a standard widely adopted by the geneticresources community, now recognizes 26 species. Of these, two are cultivated in Africa, O. sativa and Oryza also contains 24 wild species distributed throughout the tropics and sub-tropics and representing 10 genome types (AA, BB, CC, BBCC, CCDD, EE, FF, GG, HHJJ and HHKK) (Vaughan et al., 2003) . Africa is home to representatives of five of these genome types: AA (O. longistaminata, O. barthii, O. glaberrima and O. sativa) , BB (O. punctata) , BBCC (O. schweinfurthiana) , CC (O. eichingeri) and FF (O. brachyantha) (Vaughan et al., 2003) .
The collection, conservation and utilization of genetic diversity of these rice resources and related wild species in Africa were entrusted to the Africa Rice Center (AfricaRice) and resources are kept in trust for humanity under the auspices of the Food and Agriculture Organization of the United Nations (FAO). This chapter provides an overview of efforts by AfricaRice and partners since 1970 to build up an ex-situ collection. The current status of knowledge with respect to these accessions is presented. The chapter concludes with a discussion of the challenges remaining for expansion, characterization and more effective use of the collection. (Abifarin, 1988) . Since 1978, it has continued to receive materials from various collaborators and has also organized its own missions to collect landraces from all ricegrowing environments, mostly in West Africa. The mangrove-swamp rice station in Rokupr (Sierra Leone) collected landraces from the mangroveswamp environment; the then irrigated rice station based in Saint-Louis (Senegal) Seeds of cultivated species are multiplied during the dry season when good-quality seeds (free from disease and pest attack) can be produced. Wild species are grown in pots in a quarantined screen house. After harvest, seeds are partially dried, threshed and hand cleaned. Seeds are then brought to a cool drying room maintained at 18°C and 20% relative humidity to attain a moisture content of 6% before medium-and long-term conservation. The temperature and humidity of the storage rooms are monitored daily, and the viability of the seeds in medium-term storage is monitored every 5 years for each accession.
Collection Efforts and Conservation
AfricaRice has established a database for the accessions stored in its gene bank, which is being bar-coded. Data associated with each accession consist of passport information and phenotypic and genotypic data.
Current Status of Knowledge Molecular diversity analysis
The population structure of O. glaberrima was analysed using 93 simple sequence repeat (SSR) markers on 198 accessions by Semon et al. (2004) . The accessions were selected among 1136 accessions in the AfricaRice gene bank to maximize geographical and morphological diversity. Five genetically distinct groups were identified. Two of those groups (groups 4 and 5) shared ancestry with the two subspecies of O. sativa (indica and japonica, respectively). It was suggested that the three other groups corresponded to the three ecotypes reported by Portères (1970) . Group 1 contained plants that were relatively tall and was found throughout West Africa. This group may represent the ancestral floating type first domesticated in the inland delta of the upper Niger River. Group 2, mostly from Nigeria, consisted of late-maturing entries. This group represented the non-floating (lowland) rice type that migrated to Nigeria along the Niger River. The third group originated from Liberia and was characterized by a larger number of tillers per plant and longer grain, corresponding phenotypically to the upland rice type. Barry et al. (2007) Guei et al. (2005) assessed the genetic diversity of 434 O. sativa landraces from Côte d'Ivoire using morphological traits such as plant height, leaf length, number of days to heading and maturity, tillering ability, panicle length and grain size (weight, length and width) as the principal discriminatory characteristics. The accessions were classified into seven groups, each with specific traits. This information could be used by breeders in making parental selection based on their traits of interest. Sanni et al. (2008) analysed the geographical patterns of phenotypic diversity of 880 O. sativa landraces of upland rice collected from the four main rice-production regions in Côte d'Ivoire: Gagnoa (west-central), Touba (northwestern), Boundiali (northern) and Danané (western). Variation was observed across the geographical zones and ecological regions with respect to the 13 traits measured. The majority of accessions from the north and north-west were early maturing, a sign of adaptation to the short rainfall period in these zones. Meanwhile, most accessions from the west and west-central regions were late maturing. Jones et al. (1999) studied 1300 O. glaberrima accessions and reported considerable variation in seedling vigour. More than 90% of the accessions showed very high seedling vigour, and 15% also had very rapid vegetative growth and produced a large number of tillers and droopy lower leaves within 20 to 30 days after sowing, resulting in rapid ground cover and good weed suppression. AfricaRice has initiated a comprehensive morphological characterization of the whole O. glaberrima collection (about 2500 accessions) in order to understand its diversity, as well as to make the information available for breeding activities.
Morphological characterization

Trait Identification in O. glaberrima
Oryza glaberrima constitutes a rich reservoir of adaptive traits essential for new rice varieties for Africa. It has sources of resistance to African rice gall midge (Nwilene et al., 2002) , for weed competitiveness (Rodenburg et al., 2009) , for tolerance to iron toxicity (Sahrawat and Sika, 2002) , and for drought tolerance Bimpong, 2011; Bocco, 2012 (Thottappilly and Rossel, 1993) , led to the identification of new resistant accessions. Among these accessions, TOG5681 and TOG5672 exhibited two new resistance alleles (rymv1-3 and rymv1-4, respectively), different from the resistance allele rymv1-2 first identified in an O. sativa accession Gigante (Albar et al., 2006) . Furthermore, using 337 O. glaberrima accessions, covering a wider geographic area in Africa, a new gene named RYMV2, different from RYMV1, was identified (Thiémélé et al., 2010) .
Screening a set of 107 O. glaberrima accessions, selected on the basis of their geographical origin, for resistance to African strains of Xanthomonas oryzae, Djedatin et al. (2011) identified 20 accessions showing resistance to strains from Mali.
Challenges for More Effective Use of Genetic Resources Enhancing use
Arguably the greatest challenge facing gene bank managers is how to facilitate effective use of the germplasm. Germplasm without information about its major characteristics has little value, hindering its wide use. AfricaRice has worked with Bioversity International and IRRI to define standards for characterizing rice (Bioversity International et al., 2007) . However, it is neither practically nor economically feasible to evaluate all accessions in a gene bank for agriculturally important traits. Even if it were feasible, much of the genetic variation present in germplasm collections is hidden by factors such as epistasis and epigenetics -valuable traits may be expressed in the progeny of crosses between accessions in ways that cannot be predicted simply by evaluating the accessions. Traditionally, gene bank managers have characterized their accessions for highly heritable traits that are simple enough to record for all accessions; however, most such traits have little agronomic relevance.
To overcome this problem, the concept of 'core collections' (van Hintum et al., 2000) has become established as an effective 'entry point' to start exploring the potential value of collections. A core collection consists of a sub-set of the germplasm believed to provide a reasonable representation of the genetic diversity of a particular species, and small enough to be evaluated in detail. In most cases, however, a core set has been derived from a sub-set of the germplasm, but not the entire collection. Furthermore, traits evaluated have usually been limited. A core set should be derived from an entire collection of a particular species, and be evaluated for the majority of agriculturally important traits.
Thanks to rapid advances in genomics, molecular markers such as SSRs and single nucleotide polymorphisms (SNPs) can be used to characterize the diversity of rice germplasm at reasonable cost, and the information can be used to define more representative core collections for detailed evaluation. Development of core sets of wild species and landraces is an urgent task in Africa. Realizing the importance of this, AfricaRice -in collaboration with Institut de recherche pour le développement (IRD) -has started to develop core sets of O. glaberrima and O. barthii based on SNP markers and will subsequently evaluate them for major agronomic traits including disease resistance.
However, the core collection concept itself suffers limitations. First, although intended as an entry point to explore the collection, mechanisms have not been developed to go beyond the core to explore the rest of the collection. Second, since core collections are constructed to represent the greatest possible diversity in a reasonably small sub-set regardless of the trait(s) of interest, they are by definition a generic entry point; for the user with a specific breeding or research objective, it is often possible and suitable to construct a sub-set better tailored to their specific needs.
One proven alternative is the ecogeographic approach to select use-specific sub-sets (Sackville Hamilton et al., 2002; Mackay and Street, 2004) . Assuming that accessions are adapted to the environment they came from, we may use knowledge of the distribution of accession origins to predict probable patterns of variation. However, creating such a sub-set requires intensive analysis. There is a need to mainstream this approach so that gene bank curators or even users can more easily select tailor-made sub-sets designed to better meet the specific needs of each user.
A new approach that brings the promise of radically improving the effectiveness of using germplasm collections, is the genomics approach (McCouch et al., 2012; McCouch et al., Chapter 9, this volume) . In the 3 years from 2008, the cost per raw megabase of DNA sequence decreased from approximately US$500 to less than $0.10. We can now envision that in the future the genome of every accession present in the collection will be sequenced. Having sequence information of every accession, discovery of new alleles for agronomically important traits can be done by association analysis based on available phenotypic data (McCouch et al., 2012) .
The keys to this approach will be to tie all phenotyping to genotyping or sequencing, and to involve gene banks more in gene discovery. For that, gene bank curators should no longer characterize independently of other phenotyping efforts; for rice, this work should be integrated into the phenotyping network of the Global Rice Science Partnership (GRiSP).
Collection of germplasm from under-represented regions
Since 1978, AfricaRice has organized collection missions with national (NARS) partners to collect landraces and wild species from all ricegrowing environments, mostly in West Africa (Burkina Faso, Côte d'Ivoire, Niger, Sierra Leone and Togo). NARS scientists have also collected in Côte d'Ivoire, Mali, Senegal and Sierra Leone. Collection efforts are under way with NARS partners and IRRI in East Africa. However, there may still be areas and countries that are under-represented in the AfricaRice gene bank. We intend to check the gene bank database for under-represented areas and, when needed, establish collection programmes with NARS partners in compliance with their national priorities, policies and regulations on collecting germplasm and traditional knowledge. Complete information associated with the collected germplasm (e.g. geographical origin, including latitude, longitude and altitude) will be recorded.
It will be essential to plan the further collection of African rice in the context of the global rice strategy (Hay and Sackville Hamilton, 2010) . Compared with many other crops, the rice gene pool is already relatively well conserved ex situ, with over 500,000 accessions in gene banks worldwide. Annual investment in conservation is high. The additional cost of adding a new accession to a collection is much higher than the recurrent annual cost of conserving the accession (Shands et al., 2011) . Thus, it is becoming increasingly important to ensure that efforts to collect additional germplasm genuinely add additional diversity.
However, no methodology exists to address this need systematically, or to estimate when a collection can be considered 'complete'. As genotyping and sequencing become ever more affordable, it is now possible -as well as increasingly important -to develop such a methodology: to determine how much genetic novelty is added to a collection when new accessions are added; to quantify the diminishing rate of return on sequentially adding more accessions; and to devise the cost-benefit relationships to guide how much more collecting is needed. We will rely on the geographic information system-(GIS-) based global gap analysis of the Global Crop Diversity Trust (Hijmans et al., 2001; Ramírez-Villegas et al., 2010) to establish priorities for collection of the wild relatives of rice.
Up-to-date databases
A wide range of information about rice accessions is recorded by various stakeholders. This includes information on their genealogy and origins, conservation status, availability and use, genetic and phenotypic characteristics, agronomic adaptation, performance and quality, and the performance of their progeny. Much of this information is generated through scientific research by those who receive germplasm from gene banks, and much is in the domain of traditional knowledge held by the indigenous communities that originally grew landraces now conserved in the gene bank. For effective conservation and use of accessions, all this information should ideally be integrated and made available. However, the task of collating and publishing it is beyond the capacity of any gene bank or any other laboratory. One effective strategy to help fill a critical component of the information gap is based on recognizing that the most important scientific knowledge generated by recipients of accessions is typically published in scientific journals. Information in a published journal can be incorporated into the germplasm database. With a large proportion of the scientific literature now available electronically, it would be possible (as well as desirable) to organize a systematic survey of journals, augmented by enquiries to the germplasm recipients. Such surveys should lead to an increase in the available information, thereby increasing the value of accessions.
Information on rice germplasm conserved in the AfricaRice gene bank is stored in a database called AfricaRice Genebank Information System (ARGIS) and made available to users online (www.africarice.org/argis). Likewise, information newly gained through internal research activities as well as that obtained from the recipients will be stored and managed in this system. Here, the accuracy of information and data for each accession is the most important. These data are now being integrated into IRIS (International Rice Information System, http:// iris.irri.org). A key priority for the future development of IRIS will be to develop improved mechanisms for seamlessly sharing data, to facilitate collaboration among the many different partners involved in GRiSP.
Conclusions
The rational exploitation of the genetic diversity existing among the 20,000 accessions held in the AfricaRice gene bank represents one of the basic components of efforts to improve rice production in Africa. To enhance this exploitation, service to stakeholders needs to be improved in three areas:
• The information associated with each accession conserved in the gene bank: there is a need to complete the identification of key descriptors for each accession in collaboration with experts for target traits. This will enable the formation of sub-sets for targeted traits and users. There is also a need to genotype/sequence the accessions in the selected sub-sets and associate the genotypic and phenotypic data, to enhance their use.
• Conservation methods and equipment: regeneration methods that avoid genetic drift are needed to ensure the maintenance of the genetic integrity of accessions.
• Management and use of information from the gene bank: it is important to update the information on a regular basis. Within the framework of GRiSP, AfricaRice, IRRI and the International Center for Tropical Agriculture (CIAT) will collaborate to ensure the accessibility, through IRIS, of all available information on rice gene bank accessions worldwide.
